Social isolation is a stressful condition that often leads to maladaptive behaviors. In this issue of Cell, Zelikowsky et al. find that chronic social isolation stress triggers an increase in neuronal tachykinin signaling across distinct brain regions that mediate fear and aggression, elucidating the neural basis of these maladaptive responses.
Social isolation in humans is detrimental to an individual's well-being (House et al., 1988) , while little is known about how such a condition may alter specific brain circuitry and signaling pathways. It was recently found that just 24 hr of social isolation stress in mice is enough to alter brain circuits that regulate sleep-wake patterns, behavioral arousal, and the drive to seek social interaction (Cho et al., 2017; Matthews et al., 2016) . Further, research efforts have focused on studying how acute short-lasting stressors lasting from seconds to hours modulate brain circuitry (Calhoon and Tye, 2015; Tovote et al., 2015) . In contrast, social isolation in humans usually occurs over many days and weeks, highlighting the need for studies that pinpoint stress-mediated changes in the brain that occur following longer durations of social isolation. In this issue of Cell, Zelikowsky et al. (2018) find that two weeks of social isolation stress in mice produces a robust behavioral phenotype of persistent fear behaviors and increased aggression ( Figure 1A ). The key finding in this study is a role for the tachykinin 2 (Tac2)/ neurokinin B (NkB) system in mediating how social isolation stress augments aggressive behavior, as well as innate and learned fear states. Surprisingly, signaling from the same Tac2/NkB neuropeptide system is responsible for mediating distinct behavioral changes in a brain region-specific manner ( Figure 1B) . Specifically, the authors found that 2 weeks of social isolation augmented the expression of endogenous Tac2 mRNA and the NkB protein in the anterodorsal bed nucleus of the stria terminalis (adBNST) and the central nucleus of the amygdala (CeA), two regions involved in driving fear and anxiety states (Calhoon and Tye, 2015; Gungor and Paré , 2016; Tovote et al., 2015) . Moreover, a similar increase in Tac2 mRNA and NkB was observed in neurons within the dorsomedial hypothalamus (DMH) following social isolation stress. A role for DMH in aggression has been understudied compared to the ventromedial hypothalamus (Anderson, 2012; Hashikawa et al., 2016) . Therefore, these observations not only emphasize the need for research in studying how the DMH acts as a mediator of emotional behaviors, but also highlight that Tac2 expression is necessary within each of these regions in order for the distinct behavioral phenotypes to emerge following social isolation stress. Together, the findings indicate that Tac2 signaling is necessary to mediate the emergence of these distinct maladaptive behaviors in a brain region-dependent manner.
In addition to Tac2 expression per se, the authors further showed that social isolation stress also increased the activity of Tac2 neurons within each of these regions as measured by an increase in cFos expression. The same regionspecific results obtained from blocking the intracellular Tac2 signaling pathway were replicated by in vivo chemogenetic silencing of Tac2 neurons, further demonstrating that activity within these neurons is necessary for the emergence of these maladaptive behaviors after social isolation stress. Surprisingly, they were unable to reproduce this behavioral phenotype with in vivo chemogenetic activation of Tac2 neurons in a brainwide manner. However, chemogenetic activation of Tac2 neurons fully reproduced the behavioral phenotype when Tac2 was simultaneously overexpressed in these cells. These findings indicate that these neurons may not normally regulate fear and aggression, but when Tac2 expression is potentiated following social isolation stress, these neurons are recruited to drive aggression and persistent fear states. In support of this notion, it was previously shown that chemogenetic activation of Tac2 neurons in CeA in mice that underwent prior immobilization stress enhances the consolidation of a fear memory (Andero et al., 2016) .
To support the potential druggability of this mechanism, the authors found that intra-region infusions of the Nk3 receptor antagonist osanetant reversed the region-specific and stress-mediated increases in aggression and persistent fear states. Previous work demonstrated that osanetant, which is able to cross the blood-brain barrier, can be given systemically to block Tac2/NkBmediated signaling (Andero et al., 2016) . Indeed, in the current study, Zelikowsky et al., administered osanetant systemically and observed that a single injection was able to attenuate the increases in maladaptive behaviors that emerge from social isolation stress. In summary, these findings provide evidence that the Tac2/NkB neuropeptide system is involved across distributed brain networks in mammals to augment stress-mediated increases in aggression and persistent fear states, whereas future studies are needed to disentangle the specific network interactions between Tac2-expressing neuronal ensembles that exist across these distinct but interconnected brain regions, as well as other neuropeptide systems that may be involved. The present study further emphasizes Tac2 signaling as a promising pharmacological target for patients suffering from neuropsychiatric disorders that emerge following stressful experiences. (A) Schematic of mice socially isolated or group housed as a means to induce a chronic stress state that Zelikowsky et al., (2018) found increases region-specific Tac2 expression and induces persistent fear and aggressive behavior. Learned fear behavior was studied by pairing a tone with foot shock on day 1 and presenting the same tone on day 2 in the absence of foot shock. Memory of the tone and shock pairing caused freezing behavior during the tone in all mice, whereas freezing after the tone (persistent fear) was observed only in mice that underwent social isolation stress. Innate fear behavior was studied using a looming disk assay where an overhead looming disk created a circular shadow that grew in size, similar to a flying predator approaching. Presentations of the looming disk caused freezing behavior in all mice, whereas freezing behavior after the looming disk was turned off (persistent fear) was observed only in mice that underwent social isolation stress. Aggressive behavior was assessed by placing an ''intruder'' male mouse into the home cage of a ''resident'' mouse that was either group housed or that underwent social isolation stress. Aggressive behaviors such as biting were observed only in mice that underwent social isolation stress. (B) The Tac2/NkB neuropeptide system was manipulated in a region-specific manner. This diagram shows the distribution of three regions that were found to have the same Tac2/NkB neuropeptide system in the mouse brain that mediate either persistent fear or aggression. adBNST, anterodorsal portion of the bed nucleus of the stria terminalis; CeA, central nucleuos of the amygdala; DMH, dorsomedial hypothalamus. Inset diagram shows the Tac2 neuron pathway from DNA to the production of the NkB peptide and the activation of the Nk3 receptor.
